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TR4NSONiC blIND-WhlL INVESTIGATION OF AN UhSWEFT 

WING I N  COMBINATION VITE A SYSTEMATIC 

By Bruce B. E s  tabrooks 

A wizlg hsving Oo sweepback of the 0.25-chord l i n e  has been investi-  
gated Fn conjunction  with a systemtic   ser ies   of   bodies  a t  Mach nmbers 

an  aspect  ratio of' 4, t ape r   r e t io  of 0, and 4-percent-thick,  symrnetrlcal 
a i r f o i l   s e c t i o n s   p a r a l l e l   t o   t h e  model plar-e of eynmetry. The a i r f o i l  

0.40-chord stations.  The series of  bodies  consisted of e body of revo- 
lu t ion  having a curved p ro f i l e  from the nose t o   t h e  base,  and  various 
nodificetions of th i s  basic body. The first modification h d  the fore- 
body extended  forward 2 dianeters,   the second  hzd a cylindrical  afterbody 
in   p lace  of the original  afterbody, and the  third  lnodification was a corn- 
binetion of the f i rs t  and  second modifications  result ing  in a cylindrccal 
section  extending Zrom the   v ic in i ty  of the wing leading edge t o  the base 
of the model. 

from 0.60 to l'.l3 i n   t h e  Langley 8-foot  transonic  tunoel. The  wing had 

r sections  consist of c i r c u l a r   a c s   w i t h   t h e  mxinum  thickness a t   t h e  

The  wing-body interference  effects on the  aerodynamic chsracter is t ics  
of the unswept w i r g  were most pronounced in the transonic  speed  range 
and the dxag was nost  significantly  affected.  A t  low l i f t  coefficients,  
the  dreg rise of the wing with interference was reduced  approximtely 20. 
t o  30 percent by the  addition of the  cylindrical  afterbody to the  basic 
model a t  a Mach  number of 1.00. The  maximum l i f t - k e g   r a t i o   f o r   t h e  
wing when i n  combinetion  with the curved  afterbody we8 increased approx- 
i m t e l y  20 percent by the subst i tut ion of the  cylindrical  afterbody a t  a 
Mach nube r  of 1.00. 

' h  

INTRODUCTION 

Among the  factors  governing the aerodyEaaic cheracter is t ics  of air- 
planes,  especially  in  the  transonic  speed  range, is the   effect  of wing- 
fuselage  interference. As p a r t  of a program studying  the  wing-fuselage 

r 
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interference  effects on the aerodynamk character is t ics  of wing-fuselage c 

combinations at   t ransonic  speeds, a series of representative w i n g s  k?as 
been imestigated  In  conbination with a systematic  series of  four  bodies. 
Verious  modifications t o  the basic body were made i n  an e f f o r t   t o  reduce 
the effec ts  of  interference between the wing and the body. The forebody 
was extended  forward i n   a n  attenpt t o  reduce tine induced velocities  pro- 
duced by the body in   the  region of the forward portion of the wing. A 
cylindrical  afterbody was added i n  an a t t eap t   t o  reduce the induced  veloc- 
i t ies and adverse  gradients produced by the  original  afterbody  in  the 
region of the rem par t  of  the w i n g .  A sweptback wing t e s t e d   i n  con- 
junction with the ser ies  of bodies has been reported  in  reference 1. I n  
t'ne present  invegtigatfon, ar unswept wing has been tested  in  conjunction 
w i t h  the same ser ies  of bodies. The unswept wing was designed on the 
basis of st ructural  as well  as aerodynzmic considerrt ions  to be optimum 
fo r   u t i l i za t ion  a t  supersonic  speeds as well as transonic speeds. The 
results  provide  an  indicatfon of the aerodyramic character is t ics  of' such 
an unswept wing in   the  t ransonic  speed  range as w e l l  as the e f fec ts  of 
several  basic changes i n  body shape on wing-fueelage  interference. 

The resul ts  have been  obtained a t  Mach rmbers from 0.60 t o  1.13 
for  the angle-of-attzck  range  fron 0' t o  7 O .  

SYMBOLS 

wing loca l  chord 

wing  mean aerodynamic chord, in. 

drag coefficient,  D/O_S ., 

drag  coefficient a t  zero l i f t  * 

lift coefficient, L/qS 

pitchhrs-moment coefficient, 

lift-curve  slo2e  per  degree 

drag, lb 

l i f t ,  l b  

mxinun lift-drag r a t i o  
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. M free-stream Mech  number 

%/4 pitching moment zbout O.25F station,  in-lb - 
'b bese  pressure  coefficient, 'b - ' 0  

q 

apb incremental  base  pressure  coefficient due to  addition of 
wing to   fuselage 

pb s te t ic   pressure at model base,  lb/sq f t  

Po free-stream  static  pressure,  lb/eq f t  

9 free-stream dynemic pressure, pV2/2, lb/sq ft 

S wing plan-forn  area  to   center   l ine of model, sq ft 

+ t 

v 
a 

1 

wing loczl  thickness 

free-stre&m  velocity 

angle of a t tack  of fuselage  center  line, de& 

P free-strean  density 

APPARATUS AND METHODS 

Tunnel 

The transonik date were obteined i n   t h e  Langley 8-foot  transonic 
tunnel which is  a dodecagonal, slotted-throat,   single-return wind tuznel 
designed to obtain  aerodynmic data tkrrough the speed  of sound without 
the usual ef fec ts  of cham-g and blockage. A complete descriptior? of the 
Langley 8-foot  transodc' tunnei may be found i n  reference 2 and  comylete 
calibretions 03 the  tunnel are p e s e n t e d   i n   r e f e r e x e  3. 

Models 

Wing.-  The  wing used i n  this investigation had Oo sweepback of the 
0.25-chord l ine ,  an aspec t   ra t io  of 4, 8 t ape r   r a t io  of 0, and &-percent- 
thick,   synmetr ical   a i r foi l   sect ions  paral le l   to  the model plane  of syn- 

I - 
- rcetry. The airfoi l   sect ions  consis ted of c i rcular   arcs   with  the maxLnun 
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thickness of the  sections a t  the  0.kl-chord  stations. The  wing was tes ted  ' 
a t  e. mldwing posit ion on the  fuselage a t  0' ix idence .  Dimensional de te i l s  
of the node1 are  gresented i n  2 g m e  1 and photogrephs of ty-gical wing- 
fmelage  corfigwations me shown  Fn f igme  2. T h e  wing was constructed 
of 14s-T alurzinm  aLoy. # 

Eodies.- The body of t3e 3asic wing-fuselage  configuration was a 
body  of revolctior,  slmwn as sol id   l ines   in   f igure 1, with a basic  f ine- 
ness  ratfo of 12, although an actual  fir?er?ess r a t i o  of 9.8 wes o'btained 
after  cutting  off  apgroxkately  one-sixth  of  the body to   e t tach   the  
tapered  sting of the  internal  strain-gage  balarce. The basic  fuselage 
vas designer3 t o  prodxce re la t ive ly  low induced veloci t ies  an6 the body 
ordinztes  are  presented i n  reference 1. The basic wing-fuselage  conbi- 
nation is  referre& t o  as configuat ion A. 

The t'n_ee additioral  bodies used in  the  investigations were system- 
atic  raodificatiors of t3e  fuselage of configuration A. The f i r s t  rno0i- 
f icatior  (coEfiguratior B) had <le original  forebosy of the  basic model 
extended forwazd e ais tarce of 2 diameters enti a cylirdrical  midsection 
placed  jetweer  tke  extended  forebody ar?d the  original af-lerbo- ( f ig .  1). * 
The  second n;odification  (configuration C> was obtained by sribstituting a 
cylindrical  afterbody  for %he afterbody  of  configuration A fro= the max- 
inun  dizmeter  rearward t o  the end  of t:ne Puselage. The th i rd  modifica- 
t ion  to   the  basic  moEel (configuretion D )  w e s  obtained by conbining the 
extended  forebow of configuration B end the  cylin&ical  afcerbody of 
configuration C.  The f ineness   ra t io  of the  bodiee of configuretions B 
and D was 11.8. The ordinates of the bociies of the  four  wing-fuselage 
conbinations  are  presentea ig  reference 1. 

The fuselage of  %ne basic moc3el  was of hollow steel  construction. 
The modifications to the model vere  constructes  of a glastic  rnaterial .  

Eodel  Support System 

An internal,   electrical   strain-gage  bzlarce was secured to  the body 
of eack c o r f i p r a t i o n  a t  i t s  forward end. The rear  Portion of the  balence 
consisted Of a s t ing  that  au2ported the model near  the  center of the  tun- 
nel. For the models with  the  original  afterbody,  the stin@; was tapered 
from the model base  rearward. The stin@; rearward of the base of t i e   cy l in -  
dr5cal  alterbody was cylindrical  with a dimeter   s l ight ly   less   than t'mt 
of the body (cote   f ig .  1). 

The s.ort systen! and. the  angle-of-atteck mecharzsm are  described 
ir refererce 4. IE order t o  kee? the rnodel reasoKablg  close t o  the tunrel  
axis when t k e  argle  of attack was veried f ron  0' t o  7 , a 5O coupling was 
i r s t a l l e d  akead of the  givot Doin% of the  s t ing.  CoLsequently, a t  0' angle 
of attack,  the rrodel was of fse t  from the  tunnel  axis  slightly. - 
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The flow in  the  region of the   t es t   sec t ion  occupied by the model 
w e s  s e t i s f e c t o r i l y   u n i f o m   a t   a l l  test  Mach numbers. Deviatfons frm the 
zverage free-strean Mach T1uIIber did not exceed 0.003 a t  subsonic  speeds, 
and were not  aore thAn 0.010 with  further  increase  in Mach nmber t o  
1.13 (ref. 3 ) .  

L i f t ,  drag, and pitching EoEent were determined by means of  an 
internzl  strain-gage  balance. From the sta t ic   ca l ibra t ions  and repro- 
ducibi l i ty  of the detz, t:he measured coefficients were e s t i m t e d  t o  be 
accurate  within  the  following limits: 

Subsonic  apeeds  Transonic  sgeeds 

C L . .  . . . . . . . . . . . . . .  -LO .008 

c a . . . . . . . .  . . . . . . . .  -LO. 004 
C D . .  . . . . . . . . . . . . . .  +0.001 

+O. 004 
+o .0005 
ro .002 

The insccuracies  presented =e judged t o  be the maxim= deviatfons and, 
i n  general, the accuracy of the neasured coefficients nay be expected t o  
be much better. Bese pressures were determined es the  average of readirgs 
from stat ic-pressure  or i f ices   located on the  top end t h e   b o t t m  of the 
s t i n g   i n  the plane of the model base. The base  pressure  coefficient was 
estimated t o  be accurate  within k0.003. 

The zngle of a t tack  of the model w e s  measured by e cathetometer 
sighted on a reference  l ine on the s i& of the  fuselage and w e s  judged 
t o  be rccurate  to  wrthin *O. 10'. 

The ax ie l ly   s lo t ted   t es t   sec t ion  minimizes  boundary interference 
due t o   s o l i d  blockage ( r e f .  5 ) ,  and the  effects  of wake blockage me 
sfmilarly  reduced.  Therefore,  the  usual  corrections  to the Mach  number 
end dynmic  pressure for the   e f fec ts  of model end weke blockege and t o  
the drag  coefficients  for the effect of the pressure  gradient  caused by 
the wzke ere no longer  apglied. However, there was a range of Mach nun- 
bers e3ove 1.0 where shocks and expansions 12om the model nose were 
ref lected back to   the  surTace of the model  by the test-section  bounkry. 
On the basis of the   resu l t s  of  reference k ,  the boundary-reflected dts- 
turbances had negligible  effects on the l i f t  and pitching-ament  coeffi- 
ciexts,  increased the drag  coefficient as ~ u c h  as 0.002 a t  a Mach  number 
of  apDroximztely 1.04, and decreased it 8 s  much as 0.002 a t  a Mach  number 
of approximately 1.09. Hovever, since  the  deta  presented  herein are for  
8 wing with interference, any noticezble  effects of ref lect ions onto the 
body should be lwgely   e l in ina ted  when the body data  are  subtrected from 
the  data  for  the Xing-body combination. The configwations employing t h  
9.8-fineness-ratio body were f ree  of wall   interference  effects  at  Nach 
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nmbers  of 1.09 aad a'trove. The boundary-reflected  distxrbznces did not 
clear the configuration  eqloying the 11.8-fineness-ratio body up t o  the 
'nighest Mach  num3er investigated. 

The var ia t ion of Reynolds nube r  w i t h  Mech  number, base& on the wir?g 
aean aerodynamic chord of 8.0 inches,  varied flrm 2 . 3  x 106 t o  2.7 x 10 6 
with increases  in Mach  number from 0.60 t o  1.13 .  

RESULTS 

The data  presented  herein are f o r  the wing w i t h  wing-fuselage in te r -  
ference. The wilg-with-interference results were obtained by subtracting 
algebraically the fuselage-alone  data from the wing-rfuselage data. The 
fcselage-alone  data have been presented in   reference 1. The wing-fuselage 
interference  includes  the  effect of the wing on the body as w e l l  ea the 
effec t  of the body on the w i n g .  

Tne drag  coefficients  presented  herein have  been adjusted  to the 
condition  of  free-stream stst:€ pressure a t   t h e  model base. T'ne bese 
pressure  coefficients fo r  the fuselage  alone  (ref. 1) were subtracted 
elgebraically from those for the wing-body combination ( f ig .  3( a) ) t o  
obtain the incremental  pressure-coeEicieEt  values h e '  to  the  addition 
of the wing t o  the fuselage (f ig .  3 ( b ) ) .  

Angles of attack, drag  cbefficients, and pitching-moment coefficients 
for  the wing w i t h  interference for the four  configuretions (A, By C y  and D )  
are  presented i n  figure 4 as  functions of l i f t  coefficient.   In  order  to 
faci l i ta te   presentat ion of  the *ta, staggered  scales have been used i n  
figure 4 and care s'nould be taken in   se lec t ing  the zero  axis  for  each 
curve. 

Frm the  basic  data ( f igs .  4(a) , k(b) ,  and 4(c) ) a l l  of  the  analyses' 
( f igs .  5 t o  10) have been  prepared. I n  several  figures, symbols ere used 
for   c lsr i ty   to   Ident i fy   the  cmves of the  several  configurations  tested 
and do not  necessarily  indicate  actual  test  points. The adjuated 

drag coefficient of 0.01 t o  a l l  of tine beg-coeff ic ient   data   for   the wing 
with interference. 

(L/D >*x values  (presented  in f ig.  8) were obtained by ad&ing a uniform 

The variom  modi2icstions t o  the  basic moclel were made i n  an e f fo r t  
t o  reckce  the  effecte of igterference between the wing an& the body. The 
forebody was extended  forward i n  an  attempt t o  relillce the  irduced  veloc- 
i t i e s  produced  by the body i n  the region of the  forwmd  portion of the 



7 

wing. The cylindrical  afterbody was edded Ln e n   e t t e w t   t o  reduce  the 
induced veloci t ies  and  adverse  gradients  produced by the or ig ina l   a f te r -  - body in   the  region of the r ea r   pa r t  of the wing. 

L i f t  Characteristics 

The e f fec ts  of interference on the  l if t-curve  slopes of the wing 
averaged  over the   l i f t -coef f ic ien t  rarge from 0 t o  0.4 .=re presented i n  
figure 5. The besic model (configuration A) experienced  an  increase i n  
l if t-curve  slope of' the  order of 40 percent with iacrease i n  Mach  number 
from 0.60 t o  apcroximately 1.0, followed by a reduct ion  in   l i f t -curve 
slope  of  about 7 percent  with  increase i n  Mrch  number t o  1.13.  The addi- 
t i o n  of the extended  forebody and cylindrical  midsection  to  the  basic 
model t o  form configuration B decreased  the  lift-curve  slopes  throughout 
the Mach nunber range  investigated,  the  reduction  being  as nuch es 6 per- 
cent  in  the  transonic speed  range. N o  setisfactory  explaration  hes  been 
found for  this  reduction of lift-curve  slope. The addition  of  the  cylin- 
drical  afterbody  to  configurations A and B to form coofigurations C and. D 
improved the l if t-curve  slopes by rbout 7 percent  in  the  transonic Mech 
number range. T h i s  i s  probably due t o   t i e  favorable  influence of the 
cylindrical  afterbody on the flow  over the  rear   port ion of  the w i n g .  The 
cylindrical  afterbody  tended  to  reduce the adverse  pressure  gradients  over 
the  rear  Fortions of  the wing, and thereby  reduce  the  extent of separated 
flow  over these  sections.  (See ref. 6. ) 

- 

Drag Characteristics 

The e f fec ts  of wing-body interference on the drag  characterist ics 
of the wing are  presented i n  figure 6 fo r  l irt coefficients of 0, 0.2, 
and 0.4. A t  a l i f t  coefficient of 0, the basic model (cor!!iguration A)  
experienced a drag-coefficient rise of approximately 0.0lk w i t h  increese 
i n  Mzch rmber from 0.90 t o  1.00, due p r i m i l y   t o  shock losses rather 
than  to  separation  lossee  over this th in  unswept will@;. (See ref. 7.) 
With further increase i n  Mach  oumber to  I .l3, the basic  nodel  experienced 
sone reductions i n  drag  coefficient t o  a value of 0.0155. At a l i f t  coef-. 
f i c i en t  of 0, the  addition of the extended  forebody  (configuration 5) 
ceused a slight  increase  in  the  interference  drag  in  the  subsonic  speed 
range  end  reduced  the  maxinm  drag  rise. T'ne addition of the cyl indrical  
afterbody t o  the basic  model (configuration C )  caused a slight  increase 
i n  drag in the  subsonic Mach  number renge,  but  reduced  the xmximum drag 
r i s e  apDreciebly. me configuration employiog both the extended  fore- 
body and the  cylindrical  zfterbody  (configwation D )  hed newly  the sane 
varietiom  with Mach  number rs noteti for the  zero-lif t   drag of  configu- 
ra t ion  B up t o  a Mscn  number of 1.025. With further  increase  in Mach nun- 
ber t o  1.13, configuration D experienced er ra t ic   vzr ia t ions  of zero- l i f t  
drag. It had been  expected that configuration D would experience  reduc- 
t i ons   i n  dreg i n  the transonic  speed  range  roughly  equal t o  the s-tion 
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of the  drag  reductions  associated w i t h  configurations B ard C.  No expla- 
nation  can be made as t o  why t h i s  was co t   rea l ized  above a Mach nmber 
of 1.025. 

A t  a lift coeff ic ient  of 0.2, t3e  &reg-coefflcient rise associated 
with an increase i n  Mach nmber t o  1.00 for  the basic model (configura- 
t i o n  A)  was approximtely  the same as a t  a l i f t   coe f f i c i en t   o f  0. The 
addition of the  extended  forebody to   the   bas ic  =ode1 (configuration B) 
caused a sl ight   decrease  in  the drag  in  the  transonic speed  range. The  
interference-drag  losses  associated  with  the curved  afterbody or“ the 
basic model vere  reduced  asproximately 30 percent by the  addition  of t’ne 
cy l ink ica l   a f t e rbody   a t  a Mach  number of 1.00. The drag  cheracterist ics 
of  the  configuration employing both  the  extended  forebody end cyl indrical  
afterbody  (configuration D )  were more cons is ten t   a t  a lift coefficient 
ol” 0.2 than a t  a l i f t  coefficient of 0 i n  that  for  t’ne transonic  speed 
range this  codiguration  experienced  drag  reductions  that  were equal  to 
the SLZU of Yie drag  reduc’uions  experienced by the  separate  nodificetions. 

The favorable  interference  effect  of the  cylindrical   afterbody mey 
be a t t r ibu ted   to   the  less rapid  var ia t ion of the cross-sectional  area of  
the  bodies eraploying the  cylindrical   afterbody  as comgared with  those 
with the  original  afterbody  (fig.  11). T’nls less rap id   var ia t ion   resu l t s  
i n  a reduct ion  in   the induced velocit ies  over the  afterbody and reduction 
of the shock losses for the  conbiration. It has beer. concluded i n   r e f e r -  
ence 6 t h a t  Vie zero-lif t   drag  r ise  near  the  speed of sound of w i n g -  
fuselage  conbinations  with  thin,  low-aspect-ratio wings i s  dependent upon 
the   ax ia l   d i s t r ibu t ion  of the  cross-sectional ereas. 

A t  a l i f t  coefficient of 0.4, the four  configurations  experience6 
reductions  in the drag of the or&r of 25 percent wi t ’?  increase i n  Mach 
number from 0.50 t o  0.85. This  reductior  of  drag was assacfated  with 
%he tncrease  in   l i f t -curve  s lope  noted  in  t’he discussion of f igure 5. 
The basic model (configuration A )  experienced a drag  increase  of approx- 
illlately 50 percent w5th increase i n  Mach n u b e r  from 0.85 t o  1.0 due t o  
shock end separation  losses  over  tne wing. 

Although the addition of the  extended  forebody t o  the sweptback- 
wing--,%selage corrbinetion 02 reference 1 improved the interference  drag 
cha rac t e r i s t i c s   a t  e l i f t  coeff ic ient  of 0.4 througkwtlt the speed  range 
invest igeted,   tn is   favor&3le  effect  wes not  realized f o r  the unswept- 
wing”fuse1age  combination.  Instead, the addition of the  extended  fore- 
body to   t he  xnewept-wirg-fuselage  com5ination (co3figuration B) increased 
the  drag by eSout 10 percent  In  the  tracsonic  speed  range. The higher 
drag  values  are  grobably  assocLated  with  the lower l if t-curve  sloFes  that  
are  indicated for th i s  conffgwafion ir figLre 5. The addition of  the 
cylin&ical after.bo5.y t o  the basic model (configuration C )  catlsed  reduc- 
t ions   in   the   d rag   r i se  or” the  order of 20 perceEt  t9zocghoJt  the  trarsonic 
speed  range.  This  reduction of drag was ?robably contribute6 t o  by the 
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reduction of separation  over the rem portion  of  the wing associated 
w i t h  the less adverse  pressure  gradients  in  the flow  about the  cyl indrical  
af  terbody . 

* 

Lift-Dreg  Ratio 

The Eaximum l i f t -d rag   r a t io   ( f i g .  7) of the basic model (configura- 
t i o n  A) decreased from 20.2 t o  8.6 with increese  in  Mach  number from 0.85 
t o  1.00, and then  increased  sl ightly with further  increase  in Mach  number 
t o  1.13. The extended  forebody had little effect on the lift-drag r a t i o s  
of  the  uing w i t h  interference  throughout the speed  range. The favorable 
influence of tine cylincirical  afterbody or? the drag  for  l if t ing  conditions 
in the transonic  speed range leads  to  higher maximum l i f t -drag   ra t ios   as  
shown i n  figure 7. A t  a Mach nmber of 1-00, the  use of th i s  cylindrical  
afterbody  increased the (L/D)mx velues from 8.6 fur configuration A 
t o  approximately 11.0 for  configuretions C and D. 

The variations w i t h  Wch number of an  adjusted maximum l i f t - k a g  

(L/D)mx velues were obtained by the addition of 0.01 t o  the  drag  coeffi- 

drag that night occur i f  a fuselage, canopy, empemage,  and other  pro- 
tuberances were added t o   t h e  wing t o  form a real configuration. There- 
fore, the adjusted (L/D)mx values were obtained at more realistic val- 
ues of lift coefficient.  The extended  forebody did not improve the 
adjusted (L/D)mx values  through the transonic  speed  range, whereas tl;e 
cylindrical   afterbody  caused  an  increase  in  aaustea (L/D),, of  the 
order  of lk percent i n  the transonic  speea  range. 

- ra t io   are   presented fn figure 8 for  the  four  configurations. The adjusted 

* cients  of' the experimental  data. This value  apgroximates the additionel 

Pitching Monent 

The vzr iz t ion with Mach  number of the pitching-moment coefficients 
(fig.  9 )  for  l if t ing  conditions  indfcates that the four configurations 
experierced a similar rearward movemer?t of the center of pressure with 
increase  in  Mach nunber t o  unity.  Geoerzlly, the extended  forebody had 
little ef fec t  on the pitching-moment characteristics  throughout the speed 
range  investigeted. T'ne cylindrical  afterbody  caused  interference  effects 
tlmt resulted i n  e more forward posit ion of the center of pressure  through- 
out  the Mach  number range a t  l i f t  coefficients of 0.2 an6 0.4. This result 
may be a t t r i b u t e d   p r i m r i l y   t o  the interference  effects  of the w i r g  on 
the body; thzt is, the downwash behind the wing reduced the posit ive  load 
on the cylindrical  afterbody,  thereby  contributing t o  more posit ive  values 
of pitching moment. 

The effects of Mzch  number var ia t ion on the static-longitudinel-  
- s t z 3 i l i t y  parameter &,/aC, fo r  the wing w i t h  interference are shown 



i n   f i g u r e  10. I n  general, a t  l i f t  coeff ic ier ts   of  0, 0.2, and 0.4 the 
fom  confignetions  experierxed  r?egative  trends or' aC,/aCL for  the wing 
with  interzerence  as  the Xach num3er agproached 1.00. The addition  of 
tke  extended  forebody  (configuratior 3) had l i t t l e  irfluence on aCm/&L 
t-moGg3 the  transonic  speed  range a t   a l l   l i f t   c o e f f i c i e n t s .  Tae u t i l i za -  
t i o n  of the cyLindrical   afterbow  (configuratiom C and 3) changed the 
value of aC,jaC, by 0.05 i g  the posi t ive  direct ion  in   the  t ransonic  
soeed rarige a t  l i f t  Coefficients of 0 and 0.2, and  caused l i t t l e  or  no 
c;hange a t  a l i f t  coefr ic ient  of 0.4. 

The invest igat ior  of an  urswept wing ir_ conkination  with a s y s t e m t i c  
serLes of bodies  has  led to   the  fol lowirg  conclusions  re la t ive  to  wing- 
body Interference : 

1. Tke ving-bo&y interfererce  effects  on the aerodyzlzmic character- 
i s t i c s  of the  unsvept wing were Tnoet pronounced in   the  t ransonic  speed 
rarge, z ld  the  drag was =os% signif5cantly  affecteii. 

- 

2. The d-rag rise of the  w i r g  v i th   i n t e r f e rence   a t  l i f t  coefficients 
of 0 t o  0.4 w a s  reOuced ap2roxirrately 20 to 30 percer-t by tke  sEbsti tution 
of  tke  cylinciriczl  afterbody f o r  tse curved  orLgillal  afterbody et  E. Kach 
nurber of 1.00. Tkis  reduction ? m y  be a5tr ibuted  to  a decrease i n  shock 
losses  for  the  coxbigation. 

3. The mwrinm l i f t -d rag   r a t io   fo r   t he  wing when i n  combination  with 
the curved original  afterbody W E S  increased  a3poximately 20 Percent by 
the  subst i tut io2 of a cylinLrical af-lerbody a t  a Mach  number of 1.00. 

4. Tke addition of a cy1ind"ical  afterbody t o   t h e  body of the  orig- 
irzl  wire- f~se lage  combination  caused a srnsll increase  in   l i f t -curve  s loae 
ir- tke  transonic speed  rarge  ard  skifted +,he cer ter  of pressure  forward 
throughout the Mach rm-ber  rmge. 

Langley  AerormJtical  La5oratoryy 
National  Advlsory Cowmit-bee r'or AerorEdtics, 

Langley ?ield, Va. 

A 
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Crlginan s!ing ! 
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Figure 1.- Details of t i e  wing-fuselage combination investigated i n  the 
s l c t t ed  :est sec t ior  of t i e  Lmgley 8-foot trsrsonlc tunnel. A l l  
dimensicns Ere In  inches. 



(a) Wing-body Combination with  original  forebody and 
cylin&rical  afterbody  (configuration C ) .  

(b) Wing-body combinatioc w i t h  extended  forebody  and 
cylindriczl  afterbociy  (configuration D) . 

Figure 2.- Typical wing-body conbinations as tested i n  the  
hngley  8-foot  transonic  tunnel.  
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Mach number, M 

(a) Wing-body ccmbins;tions. 

Figure 3. - Variatior- w i t h  Mack Ember of %;?e base pressure  coefficient 
f o r  t‘ne various configcrations. 
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(b) Wing v i t h  wing-fuselage  interference. 

Figure 3.- Concluded. 
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p r e  4.- Vzriatior. w i t h  lift coefficient of the  force s n d  moxent char- 
s c t e r i s t l c s  of the wing %-ith  wing-fcselage  interference for the  
varlous  ccnfigurations. 
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Figure 4.- Contimed. 
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( c)  Pitching-mment  coefficient . 
Fiwre h.- Concluded. 
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Figure 5.- Variation  with Mach number of the mean lift-curve slopes 

fo r   t he  wing  with  wing-fuselage  interference  :for  the  various 
configurations. 
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Figure 6.- Var ia t ion  w i t h  Mach nuaber of t h e  drzg c o e f f i c i e n t s  of t h e  
wing  with  wing-fuselage  interfereoce  for   the  var ious  configurat ions 
a t  s e v e r a l  lift c o e f f i c i e n t s .  (Symbols are f n c l u d e d   f o r   c l a r i t y  
r a t h e r   t h e n   t o   i n d i c a t e  t es t  po in t s . )  
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- Figure 7.- Vsriation w i t h  Mach nmber  of m a x i m u m  l i f t - d r a g   r a t i o  and 
l i f t  coer r ic ien t   for  m e x i m u m  lift-drzg r a t i o  for the wing with wing- 
fuselage  interference f o r  the  various  configmatiom. (symbols ere 
inclildad for c la r i ty   r a the r   t han  to indicate test points.)  
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Configuration 
o A  
n B  
O C  
A D  

Mach number, M 

Figure 8.- Vwiation  with Mach nmber of adjusted znaximu l i f t -drag  
r a t i c  and l i f t  coeff ic ient  for adjusted maximum l i f t -d rag   r a t io  f o r  
the wing with  wing-fuselage  interference  for the var,ious configu- 
rations. (Symbols are included for clarity  rather  thzn  to  indicate 
tes t  points.) 
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Configuration 

Figure 3 . -  VariaLion  with Mach  number of' t he  pitching-moment coeff ic ients  
of the wing with wj.ng-fusel.age interference  for  the  various conf'igu- 
ra t ions a t  several 1j.r.k coeff ic ients .  (symbols are included f o r  
clarity ra ther   than  to   indicate  t es t  points.) 
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Figure 10.- Variation  with Mach  number of the  static-longitudinal-  
s tabi l i ty   parameter  aC,@, fo r   t he  wing  with  wing-fuselage 
interference  for  the various  configuratjons. (Symbols are included 
f o r   c l a r i t y   r a t h e r   t h a n  t o  indicate tes t  points.) 
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Figure 11.- Axial. variations of the cross-sectional area normal to the  
model axis lor two of the wing-body combinations  tested. The zero 
point on the  abscissa is the nose of the original body. 
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